Mutual interactions among cholinergic, noradrenergic and serotonergic neurons studied by ionophoresis of these transmitters in rat brainstem nuclei.
In urethane-anesthetized rats, single neuronal activity was recorded in or around the central gray of the caudal mesencephalon to rostral pons with multibarrel microelectrodes for ionophoretic application of acetylcholine, noradrenaline and serotonin. Neurons were classified by spike shape into broad-spike and brief-spike neurons. In the laterodorsal tegmental nucleus, locus coeruleus or dorsal raphe, broad-spike neurons, marked by Pontamine Sky Blue and discriminated in sections processed for histochemistry of reduced nicotinamide adenine dinucleotide phosphate diaphorase or Nissl staining, were presumed to be cholinergic, noradrenergic or serotonergic, respectively. The majority of these neurons were inhibited through autoreceptors, except some laterodorsal tegmental neurons which might not be furnished by autoreceptors. Noradrenaline and serotonin inhibited more than two-thirds of the laterodorsal tegmental neurons tested, while a few neurons were excited by noradrenaline. Though effects of noradrenaline on dorsal raphe neurons and those of serotonin on locus coeruleus neurons were not clear in many neurons tested, neurons affected in these examinations (30%) were all inhibited clearly and no excitatory effect was observed. Acetylcholine exerted inhibition on about one-half of dorsal raphe neurons, while effects of acetylcholine on locus coeruleus neurons were the only case in the present study in which excitation was the major effect, though more than a half of locus coeruleus neurons were not sensitive to this drug. Thus, in this study some new data on the pharmacological properties of the cholinergic laterodorsal tegmental neurons were obtained. In addition, mutual interactions between brainstem cholinergic, noradrenergic and serotonergic neurons were assayed by comparing the pharmacological properties of these neurons tested with a uniform procedure. The interactions between these diffuse projection neurons may be involved in neural mechanisms controlling vigilance, wakefulness and/or sleep.